Objective: This paper describes baseline data on basal metabolic rate (BMR), thyroid hormone levels and body composition of middle-aged and older people participating in the ZENITH project and the correlation of thyroid hormone levels with zinc status. Design: A multicentre prospective intervention study employing a randomised double blind design. Setting: Clermont-Ferrand, Theix (France), Coleraine (Northern Ireland), Grenoble (France), Rome (Italy). Interventions: BMR has been measured on a subsample of 70 middle-aged volunteers (35 men and 35 women recruited in ClermontFerrand, France, aged 55-70 y) and 108 older volunteers (56 men and 52 women recruited in Rome, Italy, aged 70-85 y). Thyroid hormone levels were evaluated in the entire group of ZENITH volunteers (n ¼ 387). BMR was measured by indirect calorimetry. Fatfree mass (FFM) was derived by four skinfold thicknesses using Durnin and Womersley's equations. Concentrations of thyroid hormones (total T3 and T4) were measured using a competitive immunoassay with an enhanced chemiluminescence end point. Results: Italian older volunteers had a significantly lower FFM than middle-aged French volunteers (À7% Po0.01). A negative correlation between BMR and age (men, r ¼ À0.64; women, r ¼ À0.62; both Po0.0001) was observed: BMR was significantly (Po0.000001) lower in Italian elderly volunteers (4.0370.46 kJ/min and 3.2970.42 kJ/min for men and women, respectively) than in middle-aged French volunteers (4.8470.45 kJ/min and 3.8770.38 kJ/min for men and women, respectively), even after adjustment for FFM (À12%). No correlation has been observed between BMR and thyroid hormones both in French and Italian subjects. Total T4 (TT4) concentrations were lowest in middle-aged population (À10%, Po0.0001). A moderate negative correlation has been found with TT4 and red blood cell zinc (r ¼ À0.12, Po0.02, slope À0.026).
Introduction
Basal metabolic rate (BMR) contributes approximately 60-75% of daily energy expenditure and it is important to body weight regulation. A decline in the BMR with age has been described in a number of early cross-sectional studies (Boothby et al, 1936; Shock & Yiengst, 1955; Keys et al, 1973) . Keys et al (1973) estimated that the decline in basal metabolism was less than 1-2% per decade from the second to the seventh decade of life. Later works (Tzankoff & Norris, 1977; Calloway & Zanni, 1980; Cohn et al, 1980 ) supported the conclusion of Keys et al (1973) , and the decrease in BMR has been largely attributed to alterations of body composition, in particular the decline in fat-free mass (FFM). However, several more recent studies (Poehlman et al, 1990 (Poehlman et al, , 1992 Visser et al, 1995; Piers et al, 1998) have suggested that other physiological, hormonal and lifestyle factors may also contribute to the reduction of BMR in older individuals. Sympathetic nervous system activity, daily energy intake, physical activity and thyroid hormones are possible modulators of the changes in BMR (Morgan & York, 1983; Fukagawa et al, 1990; Visser et al, 1995; Klausen et al, 1997) . Animal (Morley et al, 1980; Fujimoto et al, 1986; Lukaski et al, 1992; Kralik et al, 1996) and human (Wada & King, 1986; Oliver et al, 1987) studies have shown that zinc deficiency is associated with decreases in circulating thyroid hormone levels, in the ratio T3/T4 and in BMR. It is postulated that iodothyronine deiodinase expression is zinc sensitive and that the production of T3 is therefore reduced in zinc deficiency (Lukaski et al, 1992) . No recent studies have addressed or confirmed this hypothesis in human subjects. The objective of the present work was to describe baseline data on BMR, body composition and thyroid hormone levels of middle-aged and older people participating in the ZENITH project and the correlation of thyroid hormone levels with zinc status.
Subjects and methods

Subject recruitment
Screening and enrolled procedure of the subjects are described elsewhere in this Supplement . A subsample of 70 middle-aged (aged 55-70 y) volunteers (35 men and 35 women recruited in Clermont-Ferrand, France) and 108 older (aged 70-85 y) volunteers (56 men and 52 women recruited in Rome, Italy) was selected for BMR measurement; thyroid hormone levels were measured on all volunteers (n ¼ 387) participating in the survey.
Basal metabolic rate measurement BMR was measured by indirect calorimetry under standardised conditions. The measurements were made in the early morning (at 0800 hours) after 10-12 h of fasting and Z30 min of resting, in absolute silence and at thermoneutrality (the temperature inside the room was 22-251C). The Douglas bag technique was used for BMR measurement of Italian subjects and in France the BMR was measured by Deltatract II calorimeter (Datex-Ohmeda, Instrumentarium Corp, Helsinki, Finland) . An evaluation performed at INRAN did not show significant differences in BMR measured by the different techniques. Using the Douglas bag technique, BMR was measured in triplicate (CVo2%) and expired air was collected for 10 min each. The volume of expired air was measured on a calibrated wet gas meter (SIM Brunt, Milan, Italy), analysed for oxygen content with Servomex 570 A (Taylor Instrument Analytics Ltd, Crowborough, East Sussex, UK), and analysed for carbon dioxide content with a Morgan infrared analyser (PK Morgan Ltd, Chatham, Kent, UK). The gas analysers were calibrated daily with certified gas mixture (pure nitrogen and atmospheric air for oxygen analyser and a mixture of 6.6% carbon dioxide in nitrogen for the carbon dioxide analyser). Deltatrac II metabolic monitor is an opensystem indirect calorimeter that measures oxygen uptake (VO 2 ) and carbon dioxide elimination (VCO 2 ). Previous articles have described the technical principals of the Deltatrac (Takada et al, 1989) . Subjects were asked to lie in a comfortable position for 30 min while a canopy was placed over their heads. Plastic fabric was placed over the canopy so as to form a seal between the air inside and outside the canopy. Subjects were asked to breath normally. Ambient air was then pumped through the canopy at a constant rate, and the gases were shunted to a mixing chamber. The measurement flow rate VO 2 was measured via a differential paramagnetic oxygen sensor and VCO 2 was measured via an infrared absorption technique. The results are expressed as an average of the latter 60 s. The metabolic rate was calculated by Weir's equation (1949) .
Fat-free mass determination FFM was derived by skinfold thickness taken at four locations (biceps, triceps, subscapular and suprailiac) using Durnin and Womersley's equations (Durnin & Womersley, 1974) . Body fat was calculated using Siri's formula (Siri, 1961) . Skinfold thickness was measured, on the nondominant side, in triplicate to the nearest 0.2 mm with a calibrated Harpenden calliper according to a standard procedure (Lohman et al, 1988) . All measurements were made in each centre by the same skilled observer. The standard error of measurements ranged from 0.27 to 0.56 mm for skinfold thickness.
Thyroid hormones measurement
Concentrations of thyroid hormones (total triiodothyronine-TT3 and total thyroxine-TT4) were measured using a competitive immunoassay with an enhanced chemiluminescence end point (Vitros Immunodiagnostic System with Vitros total T4 and total T3 reagent packs, Ortho-Clinical Diagnostics, Amersham, UK).
Statistical analysis
Results are presented as group means7s.d.s. A two-way analysis of variance (ANOVA) was used to test the main effects of sex and age (two different centres). BMR data were also analysed utilising a two-way analysis of covariance (ANCOVA) with body weight and FFM as independent variables (Ravussin & Bogardus, 1989) . Relationships between BMR and age, body composition or thyroid hormones and between thyroid hormones with zinc status were determined by regression analysis. Statistical significance was set at a P-value o0.05 for all analyses.
Results
Body composition, BMR data and thyroid hormone plasma levels for the middle-aged French population and the older Italian volunteers are presented in Table 1 . Significant differences between sex were observed in body composition and BMR (Po0.0001). The FFM of the older population was 7% lower than the FFM of the middle-aged volunteers. A negative correlation between absolute BMR (kJ/min) and age ( Figure 1 ) was observed (men r ¼ À0.64, slope À0.0477 kJ/ min/y, Po0.0001; women r ¼ À0.62, slope À0.04141 kJ/min/y, Po0.0001). The mean absolute BMR (in kJ/min) was significantly lower in Italian elderly subjects (by 15%) than in middle-aged French subjects (Po0.0001). BMR was significantly correlated with FFM and body weight. The regression equation showed that 62% of the variance in BMR was attributed to differences in body weight. When BMR was regressed against FFM, 54% of the variance was explained by FFM (Figure 2 ). There were no significant differences between regression lines (BMR against body weight and FFM) of middle-aged and older subjects. A significant difference between the two groups was observed also when BMR was expressed per unit of body weight or per unit of FFM (Po0.0001). Adjustment by ANCOVA for body weight or FFM reduced the differences but did not eliminate them 6 Po0.000001 (by ANCOVA). There were no significant sex Â age group interaction (two-way ANOVA). (BMR of older volunteers about 12% less than that of middleaged subjects, Po0.0001).
AGE (yrs)
Differences in fasting plasma concentrations of thyroid hormones (TT3 and TT4) were evaluated. No significant gender-related differences were observed. Comparison between the two subject groups showed no differences in TT3, while TT4 concentrations were lowest in middleaged population (men: 79.779.2 mmol/l; women: 80.1717.4 mmol/l), the differences being about 10% (Po0.0001). As shown in Table 2 , which presents results for circulating concentrations of plasma thyroid hormones for all ZENITH participants (n ¼ 387), low levels of plasma TT4 were observed in middle-aged volunteers compared to older subjects living in Grenoble (especially in women) and in Rome (Po0.0007). Despite these differences in TT4, no correlation was found between BMR and thyroid hormones, both in French and Italian subjects (data not shown). Results for zinc intake and zinc status (serum zinc and red blood zinc) have described elsewhere in this supplement . No correlation was observed between zinc intake or serum zinc and thyroid hormone concentrations. However, a moderate negative correlation was observed between plasma TT4 levels and red blood cell zinc levels (r ¼ À0.12, Po0.02, slope À0.026).
Discussion
The results of this study showed that older subjects participating in the ZENITH study have a lower FFM and BMR than middle-aged subjects. The BMRs of the Italian volunteers, when expressed in absolute terms, were 15% lower than those of middle-aged French subjects. This result is not entirely explained by reduction in FFM (7%). When BMR was adjusted for FFM by ANCOVA, it was still lower in Italian volunteers than in middle-aged French subjects (À12%). These results confirm those obtained by other authors (Fukagawa et al, 1990; Visser et al, 1995; Klausen et al, 1997; Das et al, 2001; Krems et al, 2005) . It has been postulated that the relationship of BMR to FFM in older individuals can be confounded by a change in the composition of FFM (Bosy-Westphal et al, 2003) and may be mediated by other factors such as sympathetic nervous system activity, thyroid hormone status, uncoupling activity, etc. In this study we have considered the possible influence of thyroid hormones, but no correlation has been found between BMR and thyroid hormones both in French and Italian subjects. These results agree with the findings of other investigators studying euthyroid individuals (Poehlman et al, 1989; Welle & Nair, 1990; Poehlman et al, 1992) .
Plasma concentrations of TT3 were not significantly different among the four centres within the ZENITH study, while a positive correlation with age has been observed in plasma concentrations of TT4. We have also evaluated how zinc status may influence thyroid hormone levels in plasma. There are no reliable markers of zinc status but levels of plasma zinc and red blood cell zinc are often used for this purpose. We found a moderate negative correlation between plasma levels of TT4 and red blood zinc, which suggests that low zinc status may promote higher plasma TT4 levels. Possible mechanisms for this effect include increased production of T4 or reduced metabolism of this thyroid hormone, such as decreased conversion of T4-T3. The results presented here suggest a decrease in the deiodination of TT4 to TT3 with age (Gregerman et al, 1962) and it is possible that zinc status may influence this process.
Conclusion
The results of this study confirm the age-related decline in BMR, which cannot entirely be explained by body composition or thyroid hormones differences. This study also shows that older individuals have a moderately higher plasma concentration of TT4, suggesting an age-related impairment in the normal mechanisms that regulates energy expenditure and a possible role of zinc. 
